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BONE HEMI-LUMBAR INTERBODY SPINAL 
FUSION IMPLANT HAVING AN ASYMMETRICAL LEADING END 
AND METHOD OF INSTALLATION THEREOF 

BACKGROUND OF THE INVENTION 
This application is a continuation of Application No. 09/941,425, filed August 28, 
2001; which is a continuation of Application No. 09/553,000, filed April 19, 2000, now 
U.S. Patent No. 6,350,283; the disclosures of which are incorporated herein by 
reference. 

Field of the Invention 

The present invention relates generally to interbody spinal implants preferably 
adapted for placement in pairs side by side to either side of the midline with or without a 
space therebetween into a space created across the height of a disc space and 
between two adjacent vertebral bodies, after the removal of damaged spinal disc 
material, for the purpose of correcting spinal disease at that interspace. The spinal 
implants comprise of cortical bone either in a form such as a material that may naturally 
be available from a body; or as a composite material of cortical bone in particles or 
spindles, and the like in a resorbable plastic, ceramic, or other so long as it is 
structurally suitable for the intended purpose. The implants are adapted such that 
fusion occurs at least in part through the implants themselves. 

Description of the Related Art 

Surgical interbody spinal fusion generally refers to the methods for achieving a 
bridge of bone tissue in continuity between adjacent vertebral bodies and across the 
disc space to thereby substantially eliminate relative motion between the adjacent 
vertebral bodies. The term "disc space" refers to the space between adjacent vertebral 
bodies normally occupied by a spinal disc. 

Spinal implants can have opposed upper and lower surfaces that are arcuate or 
non-arcuate transverse to the longitudinal axis of the implant along at least a portion of 
the length of the implant. Implants having arcuate opposed portions are adapted to be 
implanted across and beyond the height of the restored disc space, generally into a 



bore formed across the height of a disc space. Some of the advantages offered by 
implants with arcuate opposed portions include: 1) the installation of the implant into 
vascular bone made possible by the creation of a bore into the bone of the adjacent 
vertebral bodies; 2) the implant's geometric shape is easy to manufacturer 3) the 
implant can include external threads to facilitate insertion into the implantation space; 
and 4) the implant provides more surface area to contact the adjacent vertebral bodies, 
than would a flat surface. Some disadvantages associated with implants having 
arcuate opposed portions include: 1 ) the creation of a bore into the adjacent vertebral 
bodies to form the implantation space results in a loss of the best structural bone of the 
vertebral endplate; 2) the implant needs to have a larger cross section to fill the 
prepared implantation site which may be more difficult to install, especially from a 
posterior approach; and 3) the width of the implant is generally related to the height of 
the implant, so if the implant is for example a cylinder, then the width of the implant may 
be a limiting factor as to the height of the implant and therefore its possible usefulness. 

Implants having non-arcuate upper and lower opposed portions may be impacted 
into a space resembling the restored disc space and need only be placed against a 
"decorticated endplate" . A decorticated endplate is prepared by a surgeon to provide 
access to the underlying vascular bone. Some of the advantages provided by implants 
having non-arcuate opposed portions include: 1 ) preserving the best bone in the 
endplate region; 2) the height of the implant is independent of its width; 3) the implant 
can be of a geometric shape and the opposed upper and lower surfaces can be flat; 4) 
the implant can be installed as modular unit; and 5) the implant can provide a broad 
surface contact. Some of the disadvantages provided by implants having non-arcuate 
opposed portions include: 1 ) the implants cannot be threaded in and must be impacted 
into the installation space; and 2) the recipient site may be more difficult to prepare. 

Human vertebral bodies have a hard outer shell of compacted dense cancellous 
bone (sometimes referred to as the cortex) and a relatively softer, inner mass of 
cancellous bone. Just below the cortex adjacent the disc is a region of bone referred to 
herein as the "subchondral zone". The outer shell of compact bone (the boney 
endplate) adjacent to the spinal disc and the underlying subchondral zone are together 
herein referred to as the boney "end plate region" and, for the purposes of this 
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application, is hereby so defined. A circumferential ring of dense bone extends around 
the perimeter of the endplate region and is the mature boney successor of the 
"apophyseal growth ring". This circumferential ring is formed of very dense bone and 
for the purposes of this application will be referred to as the "apophyseal rim". For 
purposes of this application, the "apophyseal rim area" includes the apophyseal rim and 
additionally includes the dense bone immediately adjacent thereto. The spinal disc that 
normally resides between the adjacent vertebral bodies maintains the spacing between 
those vertebral bodies and, in a healthy spine, allows for the normal relative motion 
between the vertebral bodies. 

FIG. 1 of the attached drawings shows a cross-sectional top plan view of a 
vertebral body V in the lumbar spine to illustrate the dense bone of the apophyseal rim 
AR present proximate the perimeter of the vertebral body V about the endplate region 
and an inner mass of cancellous bone CB. The structure of the vertebral body has 
been compared to a core of wet balsa wood encased in a laminate of white oak. The 
apophyseal rim AR is the best structural bone and is peripherally disposed in the 
endplate of the vertebral body. 

FIG. 2 is a top plan view of a fourth level lumbar vertebral body V shown in 
relationship anteriorly with the aorta and vena cava (collectively referred to as the "great 
vessels" GV). FIG. 3 is a top plan view of a first sacral level vertebral body V shown in 
relationship anteriorly with the iliac arteries and veins referred to by the designation "IA- 
V". Because of the location of these fragile blood vessels along the anterior aspect of 
the lumbar vertebrae, no hardware should protrude from between the vertebral bodies 
and into the great vessels GV and iliac arteries and veins IA-V. 

Fusion implants preferably have a structure designed to promote fusion of the 
adjacent vertebral bodies by allowing for the growth of bone through the implant from 
vertebral body to adjacent vertebral body. This type of implant is intended to remain 
indefinitely within the patient's spine unless made of a resorbable or bioresorbable 
material such as bone that can be biologically replaced in the body over time such that it 
need not be removed as it is replaced overtime will no longer be there. Implants may 
be sized to have a width generally as great as the nucleus portion of the disc or as wide 
as the area between the limit lines LL as shown in Figure 4. There are at least two 
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circumstances where the use of such a wide implant is not desirable. Under these 
circumstances, the use of a pair of implants each having a width less than one half the 
width of the disc space to be fused is preferred. The first circumstance is where the 
implants are for insertion into the lumbar spine from a posterior approach. Because of 
the presence of the dural sac within the spinal canal, the insertion of a full width implant 
in a neurologically intact patient could not be performed from a posterior approach. The 
second circumstance is where the implants are for endoscopic, such as laproscopic, 
insertion regardless of the approach as it is highly desirable to minimize the ultimate 
size cross-sectionally of the path of insertion. 

The ability to achieve spinal fusion is inter alia directly related to the vascular 
surface area of contact over which the fusion can occur, the quality and the quantity of 
the fusion mass, and the stability of the construct. The overall size of interbody spinal 
fusion implants is limited, however, by the shape of the implants relative to the natural 
anatomy of the human spine. For example, if such implants were to protrude from the 
spine they might cause injury to one or more of the proximate vital structures including 
the large blood vessels or neurological structures. 

FIG. 4 shows a top plan view of the endplate region of a vertebral body V with 
the outline of a related art implant A and implant 100 of one embodiment of the present 
invention installed, one on each side of the centerline of the vertebral body V. The 
length and width of related art implant A is limited by its configuration and the vascular 
structures anteriorly (in this example) adjacent to the implantation space. The presence 
of limiting corners LC on the implant precludes the surgeon from utilizing an implant of 
this configuration having both the optimal width and length because the implant would 
markedly protrude from the spine. 

Related art implants also fail to maximally sit over the best structural bone, 
which is located peripherally in the apophyseal rim of the vertebral body and is formed 
of the cortex and dense subchondral bone. The configurations of previous implants do 
not allow for maximizing both the vital surface area over which fusion could occur and 
the area available to bear the considerable loads present across the spine. Previous 
implant configurations do not allow for the full utilization of the apophyseal rim bone and 
the bone adjacent to it, located proximate the perimeter of the vertebral body to support 



the implants at their leading ends and to maximize the overall support area and area of 
contact for the implants. The full utilization of this dense peripheral bone would be 
ideal. 

Therefore, there is a need for an interbody spinal fusion implant having opposed 
portions for placement toward adjacent vertebral bodies that is capable of fitting within 
the outer boundaries of the vertebral bodies between which the implant is to be inserted 
and to maximize the surface area of contact of the implant and vertebral bone. The 
implant should achieve this purpose without interfering with the great vessels or 
neurological structures adjacent to the vertebrae into which the implant is to be 
implanted. There exists a further need for an implant that is adapted for placement 
more fully on the dense cortical bone proximate the perimeter of the vertebral bodies at 
the implant's leading end. 

SUMMARY OF THE INVENTION 

The present invention relates to a spinal implant formed or manufactured prior to 
surgery and provided fully formed to the surgeon for use in interbody fusion formed of 
bone. The implant is of a width preferably sized to be used in pairs to generally replace 
all or a great portion of all of the width of the nucleus portion of the disc. To that end, 
the width of the implant is less than half of the width of the disc space. Preferably, the 
implant generally has parallel side walls and is used where it is desirable to insert an 
implant of enhanced length without the leading lateral wall protruding from the spine. 

The interbody spinal implant of the present invention is for placement between 
adjacent vertebral bodies of a human spine across the height of the disc space between 
those adjacent vertebral bodies. The implant preferably does not extend beyond the 
outer dimensions of the two vertebral bodies adjacent that disc space and preferably 
maximizes the area of contact of the implant with the vertebral bone. In a preferred 
embodiment, the implant has a leading end configured to conform to the anatomic 
contour of at least a portion of the anterior, posterior, or lateral aspects of the vertebral 
bodies depending on the intended direction of insertion of the implant, so as to not 
protrude beyond the curved contours thereof. The implant has an asymmetrical leading 
end modified to allow for enhanced implant length without the corner of the leading end 
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protruding out of the disc space. As used herein, the phrase "asymmetrical leading 
end" is defined as the leading end of the implant lacking symmetry from side-to-side 
along the transverse axis of the implant when the leading end is viewed from a top 
elevation. 

The configuration of the leading end of the implant of the present invention allows 
for the safe use of an implant of maximum length for the implantation space into which it 
is installed. Benefits derived from a longer length implant include, but are not limited to, 
providing a greater surface area for contacting the vertebral bodies and for carrying 
bone growth promoting materials at the implant surface, increasing the load bearing 
support area, increased stability, increased internal volume for holding fusion promoting 
material, and the ability to have a portion of the implant rest upon the apophyseal rim, 
the best structural bone of the vertebral endplate region. These fusion promoting and 
bone growth promoting materials may be bone, bone products, bone morphogenetic 
proteins, mineralizing proteins, genetic materials coding for the production of bone, or 
any other suitable material. 

The spinal implant of the present invention may also include a trailing end 
opposite the leading end that is configured to conform to the anatomic contour of the 
anterior, posterior, or lateral aspects of the vertebral bodies, depending on the direction 
of insertion, so as not to protrude beyond the curved contours thereof. The present 
invention can benefit interbody spinal fusion implants having spaced apart non-arcuate 
opposed surfaces adapted to contact and support opposed adjacent vertebral bodies as 
well as implants having spaced apart arcuate opposed surfaces adapted to penetrably 
engage opposed vertebral bodies. As used herein, the term "arcuate" refers to the 
curved configuration of the opposed upper and lower portions of the implant transverse 
to the longitudinal axis of the implant along at least a portion of the implant's length. 

In one embodiment of the present invention, an implant adapted for insertion 
from the posterior approach of the spine, and for achieving better, safe filling of the 
posterior to anterior depth of the disc space between two adjacent vertebral bodies, and 
for the possibility of having the leading end of the implant supported by the structurally 
superior more peripheral bone including the apophyseal rim and the bone adjacent to it, 
includes opposed portions adapted to be oriented toward the bone of the adjacent 
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vertebral bodies, a leading end for inserting into the spine, and an opposite trailing end 
that may be adapted to cooperatively engage a driver. In the alternative, the implant 
may receive a portion of the driver through the trailing end to cooperatively engage the 
implant from within and/or at the implant trailing end. The leading end of this 
embodiment of the implant of the present invention is generally configured to conform to 
the natural anatomical curvature of the perimeter of the anterior aspect of the vertebral 
bodies, so that when the implant is fully inserted and properly seated within and across 
the disc space the implant contacts and supports a greater surface area of the vertebral 
bone in contact with the implant to provide all the previously identified advantages. 
Moreover, at the election of the surgeon, the implant of the present invention is 
configured to be able to be seated upon the more densely compacted bone about the 
periphery of the vertebral endplates for supporting the load through the implant when 
installed in or across the height of the intervertebral space. 

Related art bone ring implants where the implant is a circle, oval, or oblong have 
trailing ends that are either modified to be squared-off, or unmodified so as to remain a 
portion of a circle, an oval, or an oblong and have a medial side wall that is incomplete 
due to a portion of the medullary canal interrupting the side wall. The present invention 
implants may have an interior facing medial side wall adapted for placement medially 
within the disc space with the side wall intact and substantially in the same plane and an 
exterior facing lateral side wall opposite to the medial side wall and adapted for 
placement laterally. The implants of the present invention also have a mid-longitudinal 
axis between the medial and lateral side walls wherein the mid-longitudinal axis at the 
leading end extends forward-further than the lateral side wall of the leading end while 
the medial side wall is not equal in length to the lateral side wall, but is greater in length. 

In another embodiment of the present invention, an implant for insertion from the 
anterior approach of the spine and for achieving better filling of the anterior to posterior 
depth of the disc space has a leading end generally configured to better conform to the 
natural anatomical curvature of the perimeter of the posterior aspect of the vertebral 
bodies and does not protrude laterally. 

In yet another embodiment of the present invention, the implant has a trailing end 
that is either asymmetric or symmetric from side-to-side along the transverse axis of the 
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implant. The trailing end may be adapted to conform to the anatomical contours of the 
anterior or posterior aspects of the vertebral bodies. For example, an implant for 
insertion from the posterior or anterior approach of the spine has a leading end that is 
generally configured to better conform to the natural anatomical curvature of at least 
one of the perimeter of the anterior and posterior aspects, respectively, of the vertebral 
bodies and a trailing end that is generally configured to conform to the natural 
anatomical curvature of the opposite one of the posterior and anterior aspects, 
respectively, of the vertebral bodies depending on the intended direction of insertion 
and that does not protrude laterally from the vertebral bodies. When the implant is fully 
seated and properly inserted within and across the disc space, the surface area of the 
vertebral bone in contact with the implant is more fully utilized. 

As another example, an implant in accordance with the present invention for 
insertion from a translateral approach to the spine and across the transverse width of 
the vertebral bodies has a leading end that is generally configured to better conform to 
the natural anatomical curvature of the perimeter of at least one of the lateral aspects, 
respectively, of the vertebral bodies. The implant also may have a trailing end that is 
generally configured to conform to the natural anatomical curvature of the opposite one 
of the lateral aspects, respectively, of the vertebral bodies depending on the intended 
direction of insertion. Implants for insertion from a translateral approach and methods 
for inserting implants from a translateral approach are disclosed in Applicants U.S. 
Patent Nos. 5,860,973 and 5,772,661, respectively, incorporated by reference herein. 

The implant of the present invention is better able to sit upon the dense 
compacted bone about the perimeter of the vertebral bodies of the vertebral endplate 
region for supporting the load through the implant when installed in the intervertebral 
space. The spinal fusion implants of the present invention has at least one opening 
therethrough from the upper vertebral body contacting surface through to the lower 
vertebral body contacting surface to permit for the growth of bone in continuity from 
adjacent vertebral body to adjacent vertebral body through the implant for fusion across 
the disc space. 

For any of the embodiments of the present invention described herein, the 
implant preferably includes protrusions or surface roughenings for engaging the bone of 
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the vertebral bodies adjacent to the implant. In a preferred embodiment, the material of 
the implant is bone that is either in a naturally occurring state, or a composite material 
made of bone particles. In a naturally occurring state, the implant can be manufactured 
from a piece of bone obtained from a major long bone or other suitable source and can 
include bone dowels and diaphyseal bone rings, for example. Alternatively, the 
implants can be manufactured from a composite of bone made up of cortical fibers, 
bone filaments, or bone particles, as examples, and at least a second substance 
preferably bioresorbable such as a plastic or ceramic suitable for the intended purpose. 
The composite material could be machineable, or moldable, into the desired shape. 

Bone offers the advantages of an appropriate modulus of elasticity and strength 
for the prescribed use, the capacity to be bioactive, including being osteoconductive, 
osteoinductive, osteogenic, and to more generally provide a good substrate for the 
formation of new bone as fusion occurs. Further, the bone material being bioabsorable 
is replaced by the patient's own bone over time preventing stress shielding and leading 
to the eventual elimination of any foreign body from the implantation site. 

In addition to bone, the implants may further include other osteogenic materials 
such as bone morphogenetic proteins, or other chemical compounds, or genetic 
material coding for the production of bone, the purpose of which is to induce or 
otherwise encourage the formation of bone or fusion. In addition to bone, where the 
implants are of a composite material, they could comprise of a bioresorbable material 
including, but not limited to various ceramics or plastics. Suitable plastics may include 
those comprising lactides, galactides, glycolide, capronlactone, trimethylene carbonate, 
dioxanone, in various polymers and/or combinations. 

Materials other than bone for use as the base material used to form the implant 
are specifically excluded from the definition of implant materials for the purpose of this 
application. The implants may be adapted to receive fusion promoting substances within 
them such as cancellous bone, bone derived products, or others. 

It is appreciated that the features of the implant of the present invention as 
described herein are applicable to various embodiments of the present invention 
including implants having non-arcuate or arcuate upper and lower opposed portions 
adapted to be oriented toward the bone of the adjacent vertebral bodies. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of a horizontal cross-section through a boney endplate 
region of a vertebral body. 

FIGS. 2-3 are top plan views of the fourth lumbar and first sacral vertebral 
bodies, respectively, in relationship to the blood vessels located anteriorly thereto. 

FIG. 4 is a top plan plan view of an endplate region of a vertebral body with a 
prior art implant on the left side of the center line and an implant in accordance with one 
embodiment of the present invention on the right side of the centerline inserted from the 
posterior aspect of the spine. 

FIG. 5 is a side perspective view of the outline of an implant in accordance with 
one embodiment of the present invention. 

FIG. 6 is a partial enlarged fragmentary view along line 6-6 of FIG. 5. 

FIG. 7 is a top plan view of a lumbar vertebral body in relationship to the blood 
vessels located proximate thereto and an implant in accordance with one embodiment 
of the present invention inserted from the posterior aspect of the vertebral body. 

FIG. 8 is a top plan view of a lumbar vertebral body in relationship to the blood 
vessels located proximate thereto and an implant in accordance with one embodiment 
of the present invention inserted from the anterior aspect of the vertebral body. 

FIG. 9 is a top plan view of an implant in accordance with one embodiment of the 
present invention illustrating the mid-longitudinal axis and a plane bisecting the mid- 
longitudinal axis along the length of the implant. 

FIG. 10 is a top plan view of a lumbar vertebral body in relationship to the blood 
vessels located proximate thereto and an implant having arcuate upper and lower 
opposed portions in accordance with an embodiment of the present invention inserted 
from the posterior aspect of the vertebral body. 

Fig. 1 1 is a trailing end view of a spinal implant shown in Fig. 10. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 4 shows an embodiment of the present invention comprising an interbody 
spinal implant generally referred by the numeral 100, inserted in the direction of arrow P 
from the posterior aspect of a vertebral body V on one side of the centerline M in the 
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lumbar spine. In a preferred embodiment of the present invention, the implant can be 
made of bone that is either in a naturally occurring state, or can be made of a composite 
material comprising bone particles. In a naturally occurring state, the implant can be 
manufactured from a piece of bone obtained from a major long bone or other suitable 
source and can include bone dowels and diaphyseal bone rings, for example. 
Alternatively, the implants can be manufactured from a composite of bone made up of 
cortical fibers, bone filaments, bone particles, as examples. In addition to bone, the 
composite may also include a material which may or may not be bioactive and/or 
bioresorbable such as a plastic, ceramic, or other. Once formed, the bone composite 
implant could be machineable, or moldable, into the desired shape. 

In addition to bone, the implants may further include other osteogenic materials 
such as bone morphogenetic proteins, or other chemical compounds, or genetic 
material coding for the production of bone, the purpose of which is to induce or 
otherwise encourage the formation of bone or fusion. In addition to bone, the implants 
could comprise a bioresorbable material including, but not limited to cortical bone, 
plastics and composite plastics. Suitable plastics may include those comprising 
lactides, galactides, glycolide, capronlactone, trimethylene carbonate, dioxanone in 
various polymers and/or combinations. 

Implant 100 has a leading end 102 for insertion into the disc space and an 
opposite trailing end 104. In a preferred embodiment, leading end 102 is configured to 
not extend beyond the outer dimensions of the two vertebral bodies adjacent the disc 
space proximate leading end 102 after implant 100 is installed, to maximize the area of 
contact of the implant with the vertebral bone. Leading end 102 could be described as 
being generally configured to generally conform to at least a portion of the natural 
anatomical curvature of the aspect of the vertebral bodies adjacent the disc space 
proximate leading end 102 after implant 100 is installed. The general configuration of 
leading end 102 is further described in connection with Fig. 9 below. 

As shown in FIGS. 7 and 8, depending on the direction of insertion, for example, 
when implant 100 is installed in the direction of arrow P from the posterior aspect of the 
vertebral body V, leading end 102a is adapted to conform to at least a portion of the 
anterior aspect of the vertebral body V. When implant 100 is installed in the direction of 
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arrow A from the anterior aspect of vertebral body V, leading end 102b is adapted to 
conform to at least a portion of the posterior aspect of vertebral body V. Trailing end 
104 may be symmetrical or asymmetrical from side-to-side along the transverse axis of 
the implant and can conform to at least a portion of the natural curvature of the aspect 
of vertebral body V opposite to leading end 102. Trailing end 104 may or may not be 
configured to conform to the aspect of vertebral body V proximate trailing end 104 after 
implant 100 is installed. Trailing end 104 need only have a configuration suitable for its 
intended use in the spine. 

As shown in FIGS. 5 and 6, implant 100 has opposed portions 106 and 108 that 
are adapted to contact and support adjacent vertebral bodies when inserted across the 
intervertebral space. In this embodiment, opposed portions 106, 108 have a non- 
arcuate configuration transverse to the longitudinal axis of implant 100 along at least a 
portion of the length of implant 100. Opposed portions 106, 108 are spaced apart and 
connected by an interior side wall 112 and an exterior side wall 1 14 opposite interior 
side wall 112. Interior side wall 1 12 is the portion of implant 100 adapted to be placed 
toward another implant when implant 100 is inserted in pairs into the disc space 
between the adjacent vertebral bodies to be fused. Interior side wall 1 12 is not the 
internal surface of a hollow interior of implant 100. Exterior side wall 1 14 is adapted to 
be placed into the disc space nearer to the perimeter of the vertebral bodies than 
interior side wall 112. Side walls 112, 114 are preferably continuous from leading end 
to trailing end. Sidewalls 1 12, 1 14 may also include at least one opening for permitting 
for the growth of bone therethrough. 

Preferably, each of the opposed portions 106 ,108 have at least one opening 110 
in communication with one another to permit for the growth of bone in continuity from 
adjacent vertebral body to adjacent vertebral body and through implant 100. Opening 
1 10 is preferably a through-hole with a maximum cross-sectional dimension greater 
than 0.5 mm between interior side wall 112 and exterior side wall 114 passing 
completely through the implant and is preferably adapted to hold bone growth promoting 
material for permitting for the growth of bone from vertebral body to vertebral body 
through the implant. The perimeter of the through-hole is preferably continuous and 
uninterrupted. Implant 100 may further be hollow or at least in part hollow. Implant 100 
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may also include surface roughenings on for example, at least a portion of opposed 
portions 106,108 for engaging the bone of the adjacent vertebral bodies. 

As illustrated in FIG. 9, implant 100 has a mid-longitudinal axis MLA along its 
length. Mid-longitudinal axis MLA is bisected by a plane BPP perpendicular to and 
bisecting the length of implant 100 along the mid-longitudinal axis MLA. Implant 100 
has a first distance as measured from point C at leading end 102 to bisecting 
perpendicular plane BPP at point E that is greater than a second distance as measured 
from bisecting perpendicular plane BPP at point F to the junction of leading end 102 and 
exterior side wall 1 14 at point B. Implant 100 has a third distance as measured from 
point A at the junction of leading end 102 and interior side wall 1 12 to bisecting 
perpendicular plane BPP at point D that is greater than the second distance as 
measured from at point F to point B. While in the preferred embodiment as shown in 
FIG. 9, the third distance from points A to D is illustrated as being longer than the first 
distance from points C to E, the third distance can be equal to or less than the first 
distance. Ina preferred embodiment, the first distance measured from points C to E is 
greater than the second distance measured from points B to F; the third distance 
measured from points A to D can be less than the first distance measured from points C 
to E; and the third distance measured from points A to D does not equal the second 
distance measured from points B to F. 

In a preferred embodiment of the present invention, when implant 100 is inserted 
between two adjacent vertebral bodies, implant 100 is contained completely within the 
vertebral bodies so as not to protrude from the spine. Specifically, the most lateral 
aspect of the implanted implant at the leading end has been relieved, foreshortened, or 
contoured so as to allow the remainder of the implant to be safely enlarged so as to be 
larger overall than the prior implants without the leading end lateral wall protruding from 
the disc space. Although overall enlargement of the implant is a preferred feature of 
one embodiment of the present invention, it is not a requisite element of the invention. 

While a preferred embodiment of the present invention has been illustrated and 
described herein in the form of an implant having non-arcuate upper and lower portions 
along a portion of the length of the implant, another preferred embodiment of the 
present invention as best shown in Figure 10 includes an implant having arcuate upper 
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and lower portions along at least a portion of the length of the implant. All of the 
features described in association with the non-arcuate embodiments are equally 
applicable to the arcuate embodiments of the present invention. 

Figs. 10-1 1 show two interbody spinal implants generally referred to by the 
numeral 200, inserted in the direction of arrow P from the posterior aspect of a vertebral 
body V, one on either side of the centerline M in the lumbar spine. Implant 200 is non- 
threaded and is configured for linear insertion into the disc space in a direction along the 
mid-longitudinal axis of implant 200. Implant 200 has a leading end 202 for insertion 
into the disc space and an opposite trailing end 204. In a preferred embodiment, 
leading end 202 is configured to not extend beyond the outer dimensions of the two 
vertebral bodies adjacent the disc space proximate leading end 202 after implant 200 is 
installed, to maximize the area of contact of the implant with the vertebral bone. 
Leading end 202 could be described as being generally configured to generally conform 
to at least a portion of the natural anatomical curvature of the aspect of the vertebral 
bodies adjacent the disc space proximate leading end 202 after implant 200 is installed. 
In a preferred embodiment, less than half of asymmetric leading end 202 is along a line 
perpendicular to the mid-longitudinal axis of the implant in a plane dividing the implant 
into an upper half and a lower half. 

In a further preferred embodiment of either arcuate or non-arcuate implants, 
more than half of the leading end can be a contour that goes from the exterior side wall 
toward the mid-longitudinal axis of the implant in the plane dividing the implant into an 
upper half and a lower half. In another preferred embodiment of either arcuate or non- 
arcuate implants, the leading end includes a curve that extends from the exterior side 
wall beyond the mid-longitudinal axis of the implant. The more pronounced curve of the 
leading end of the implant of the present invention as compared to the chamfer of 
related art implants advantageously provides for closer placement of the implant's 
leading end to the perimeter of the vertebral body, without the limiting corner protruding 
therefrom, to more fully utilize the dense cortical bone in the perimeter of the vertebral 
bodies. The configuration of the implant of the present invention provides the use of an 
implant having a longer overall length as measured from leading end to trailing end for a 
better fill of the disc space. 
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Implant 200 has opposed portions 206 and 208 that are arcuate transverse to the 
longitudinal axis of implant 200 along at least a portion of the length of implant 200 and 
are adapted to contact and support adjacent vertebral bodies when inserted across the 
intervertebral space and into the vertebral bodies. Implant 200 can further include 
protrusions or surface roughenings such as ratchetings 220 for enhancing stability. 
Surface roughenings may also include ridges, knurling and the like. 

The present invention is not limited to use in the lumbar spine and is useful 
throughout the spine. In regard to use in the cervical spine, by way of example, in 
addition to various blood vessels the esophagus and trachea also should be avoided. 

Further, the implant of the present invention preferably includes non-arcuate 
opposed surface portions that are either generally parallel to one another along the 
length of the implant or in angular relationship to each other such that the opposed 
surfaces are closer to each other proximate one end of the implant than at the 
longitudinally opposite other. The spinal implant of the present invention allows for a 
variable surface, or any other configuration and relationship of the opposed surfaces. 

Implant 100 may be adapted to cooperatively engage a driver instrument for 
installation of the implant into the recipient site. For example, in a preferred 
embodiment trailing end 104 may be configured to complementary engage an 
instrument for driving implant 100. 

While the exact contour and/or curvature of a particular vertebral body may not 
be known, the teaching of having the implant leading end be arcuate or truncated along 
one side (the lateral leading end) or from side to side so as to eliminate the length 
limiting lateral leading corner LC or the side wall or lateral aspect junction to the implant 
leading end is of such benefit that minor differences do not detract from its utility. 
Further, the range of describable curvatures may be varied proportionately with the size 
of the implants as well as their intended location within the spine and direction of 
insertion to be most appropriate and is easily determinable by those of ordinary skill in 
the art. 

Generally for use in the lumbar spine, and where the leading end is a portion of a 
circle, then the arc of radius of the curvature of the leading end of the implant should be 
from 10-30 mm to be of greatest benefit, though it could be greater or less, and still be 
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beneficial. The same is true for the cervical spine where the arc of radius is preferably 
8-20 mm. While particular preferred embodiments of the present invention have been 
shown and described, it will be obvious to those skilled in the art that changes and 
modifications may be made without departing from this invention in its broader aspects. 

While specific innovative features were presented in reference to specific 
examples, they are just examples, and it should be understood that various 
combinations of these innovative features beyond those specifically shown are taught 
such that they may now be easily alternatively combined and are hereby anticipated 
and claimed. 
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